We present the discovery of a plausible super-luminous supernova (SLSN), found in the archival data of Sloan Digital Sky Survey (SDSS) Stripe 82, called PSN 000123+000504. The supernova peaked at M g < −21.3 mag in the second half of September 2005, but was missed by the real-time supernova hunt. The observed part of the light curve (17 epochs) showed that the rise to the maximum took over 30 days, while the decline time lasted at least 70 days (observed frame), closely resembling other SLSNe of SN2007bi type. Spectrum of the host galaxy reveals a redshift of z = 0.281 and the distance modulus of µ = 40.77 mag. Combining this information with the SDSS photometry, we found the host galaxy to be an LMC-like irregular dwarf galaxy with the absolute magnitude of M B = −18.2 ± 0.2 mag and the oxygen abundance of 12 + log[O/H] = 8.3 ± 0.2. Our SLSN follows the relation for the most energetic/super-luminous SNe exploding in low-metallicity environments, but we found no clear evidence for SLSNe to explode in low-luminosity (dwarf) galaxies only. The available information on the PSN 000123+000504 light curve suggests the magnetar-powered model as a likely scenario of this event. This SLSN is a new addition to a quickly growing family of super-luminous SNe.
INTRODUCTION
There is a growing number of supernovae (SNe) whose brightness greatly exceeds that of "classic" SNe (e.g. Quimby et al. 2011) , hence not fitting into any of the standard SNe classes. It is widely assumed, albeit somewhat arbitrarily, that an SN becomes an SLSN if its absolute magnitude exceeds −21.0 mag in any filter, what corresponds to the peak luminosity of > 7 × 10 43 erg/s. During the last few years most of SLSN events have been discovered by several untargeted surveys, for example the Catalina Real-Time Transient Survey (Drake et al. 2009 ) and the Palomar Transient Factory (Law et al. 2009; Rau et al. 2009 ). It was found that these overluminous SNe tend to prefer low-metallicity, low-mass dwarf galaxies (Prieto et al. 2008; Stanek et al. 2006; Neill et al. 2011) .
The SLSNe are associated with deaths of the most massive stars, which means that they have impact on the chemical evolution and re-ionization of the Universe. The SLSNe explosions are probably induced by various physical mechanisms than other, more common types of SNe, which makes these transients more interesting. However, still little is known about the nature of SLSNe, because of insufficient size and low heterogeneity of the available sample (for a recent review, see Gal-Yam 2012) . The SLSNe family has been divided into three classes: SLSN-I (hydrogen-poor), SLSN-II (hydrogen-rich) , and SLSN-R (radioactively powered). SLSN-R type seems to be the best understood one as these SNe are powered by large amounts of radioactive 56 Ni produced during the explosions of massive stars. The mechanism of the most commonly observed SLSN-II class can be explained by an explosion within a thick hydrogen envelope, but the proper energy source is still unknown. The final group, SLSN-I explosions, is probably a result of pair-instability mechanism, but these SNe are not powered by radioactivity. Recently a different statement was presented by Inserra et al. (2013) . These authors claim that type SLSN-I can be classified as SLSN-Ic, because their spectral features are similar to typical Ic explosions, i.e. the blue continuum with broad absorption lines of intermediate mass elements such as C, O, Si, and Mg, with no clear evidence of H and He. Moreover, the energy deposited by newborn magnetars was favored as the power source for these events instead of the pairinstability mechanism. A semi-analytical diffusion model with energy input from the spin-down of a magnetar reproduces the extensive light curve data well. The ejecta velocities and temperatures required by the model predictions are in a reasonable agreement with those determined from the photometric and spectroscopic observations. There are therefore some discrepancies in views on the real nature of the SLSNe, which is caused by a very small number of known examples of such explosions.
In this paper, we present the discovery of another object belonging to the class of SLSNe found in the SDSS Stripe 82 multi-band data. To date there are ∼30 known SLSNe, therefore each new event observed is a valuable addition to the class. With its peak brightness of M g < −21.3 mag (without including the K-correction and host galaxy extinction) and the optical light curve shape, it closely resembles SLSNe. The subsequent sections include a detailed description of our findings. In the left panel, cross-hair marks the SN host galaxy, while the right panel shows the image taken near the peak of the SN explosion. The RGB image is a composite of u, r, and i-band filters and covers 1.5 ′ × 1.5 ′ . North is up, east is to the left. The SN extinction-corrected observed magnitudes in the AB magnitude system and the approximate absolute magnitudes (host extinction and K-corrections not included) for five SDSS filters (marked with colors). For clarity, data points are shifted by −0.8 (u-band), −0.4 (g-band), +0.4 (i-band), +0.8 (z-band) days with respect to the observed date. The horizontal dashed line marks the division between normal SNe and SLSNe from Gal-Yam (2012) . Bottom panel: The absolute magnitudes from the top panel converted to luminosity. The SN peaked above 10 44 erg/s, typical for SLSNe and atypical for normal SNe. The combined peak luminosity from five filters exceeded 3.5 × 10 44 erg/s (Table 3) .
THE SUPERNOVA
The Sloan Digital Sky Survey (SDSS) repeatedly observed several selected areas of the sky. One of them, called Stripe 82, covering ∼270 deg 2 of the sky, was specifically targeted for multiple photometric observations (Ivezić et al. 2007 ) in the hunt for type Ia supernovae explosions. There were about 500 SNe found in near-real-time data analysis, many of them followedup spectroscopically (Frieman et al. 2008; Sako et al. 2008) . The Stripe 82 covers the area of −50
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We used the catalog of Bramich et al. (2008) that provided not only the photometric and astrometric time-series for almost 4 million objects, but also numerous high-level data products, useful for an effective querying of the catalog. We aimed at transients which lasted between 40 and 150 days and had mean luminosities brighter than 20.5 mag in g and u bands. In addition, we only looked for objects with a significant excess in blue at the peak. We found about 200 potentially interesting objects, most of them turning out to be previously found, known SNe (Frieman et al. 2008 , Sako et al. 2008 . From the remainder we selected one transient with well covered light curve, exhibiting long rise and long decline, as a possible SLSN. The transient was also located on top of a faint galaxy-like object (according to the SDSS Data Release 9; DR9 5 ), which ruled out the possibility for a cataclysmic variable transient. The coordinates of the SN are (α, δ)=(00:01:23.36,+00:05:04.02) and the finding chart is presented in Figure 1 . We dubbed the supernova with PSN 000123+000504 aka "Vernal Equinox Supernova 2005" because of its position very close to the beginning of the equatorial coordinate system. The observed light curve of the SN is shown in Figure 2 . It is also available in tabular form for the observed magnitudes (Table 1) , absolute magnitudes (Table 2) , and luminosity (Table 3) .
It is not clear why the object was not found by a regular search for SNe during the Stripe 82 observations, which were designed for real-time supernova hunt. Most probably, the host galaxy was not recognized as a galaxy due to its compactness and blue color, suggesting a galactic progenitor of some sort of a cataclysmic variable. Only after producing the final SDSS images of this region (in SDSS DR9) the object was classified as a galaxy.
While we do not have the spectrum for the SN during explosion, we can only rely on post-explosion observations. In the next section we present the evidence for the SN host galaxy redshift of z = 0.281 which corresponds to the distance modulus of µ = 40.77 mag and the luminosity distance of 1428 Mpc, assuming a standard ΛCDM cosmological model with (H 0 , Ω M , Ω vac , Ω k ) = (71 km/s/Mpc, 0.27, 0.73, 0.0). The Milky Way extinctions in the direction of the SN are (A u , A g , A r , A i , A z ) = (0.128, 0.100, 0.069, 0.051, 0.038) mag (Schlegel et al. 1998) .
The absolute magnitude of the SN observed at magnitude m is described by the equation:
where µ = 5 log d(z, Ω X ) + 25 is the distance modulus, d(z, Ω X ) is the luminosity distance in Mpc, a function of redshift z and cosmological model Ω X , A MW and A H (z) are the extinctions in our own Milky Way galaxy and in the SN host galaxy, respectively, and K(z, A H (z)) is the single filter K-correction (see e.g., Kim et al. 1996) . There are two unknowns in Equation 1. First of all, we do not know the value of A H (z), that is the internal host extinction at the SN location. However, because it can only make the SN brighter (the larger the value the brighter the SN), it does not affect our interpretation of the SN as super-luminous one. The second unknown is the K-correction, as for its calculation we would need a spectrum near the peak. On the other hand, the Kcorrection at such a low redshift is not going to change the absolute magnitudes by more than a few tenths of magnitude in either direction. -Black-body at z = 0.281 fits to the SED constructed from the photometric multi-band data for epochs 1 (blue), 4 (green), 6 (red), and 16 (black), corresponding to −16, 0, +28, and +62 days from the u-band peak. While the fits to the prepeak epochs return good black-body matches (with χ 2 /dof < 1.5), this is not the case for late epochs. This is indicative of a significant line evolution at late epochs, characteristic for core-collapse SNe. The luminosities were corrected for the Galactic extinction.
We converted the absolute magnitudes to luminosity (bottom panel of Figure 2 , Figure 3 , and Table 3 ). Integrating the five-band SDSS light curves over the duration of the transient, we estimated that the total emitted energy exceeded 2.1 × 10 51 ergs. The bottom panel of Figure 2 shows the luminosity light curves. The first obvious finding is that the u-band (near UV) light curve peaks first (at epoch 4 of the light curve), followed by optical light curves (at epochs 5-6), while the infrared light curves peak as the last ones, at more later epochs. This obviously reflects the changes in the spectrum of the object that are characteristic for an object with high early temperatures and low temperatures at late timesclear signs of an explosion or eruption. For each epoch we constructed five-point spectral energy distribution (SED) from the photometric data and investigated the evolution of the SED shape with time. In Figure 3 , we present the supernova SED at selected epochs 1, 4, 6, and 16, corresponding to −16, 0, +28, and +62 days from the u-band peak at JD = 2453638.32 (24 September 2005). We fitted a black-body (BB) spectrum at each epoch and obtained the best-fitting BB temperatures (T BB ). The BB fits to the early time (pre-peak) SEDs returned satisfying χ 2 /dof < 1.5, pointing to a rather featureless spectra with high temperatures T BB 15000 K. The situation changes when we fit the BB spectrum to the late time (post-peak) SEDs. The fits are statistically unacceptable with 7 < χ 2 /dof < 14. This is easily explained if we assume that our object is to an SN. Filippenko (1997) describes a normal SN Type II-P as having a featureless blue BB spectrum T BB > 10000 K at early times and a significant line evolution at late times with temperature reaching ∼ 5000 K few weeks later (adiabatic expansion and cooling of the ejecta) -a picture perfectly fitting into our findings (if ignoring the high luminosity). 
THE HOST OF PSN 000123+000504
The SN was found to be a transient in the Stripe 82 data, i.e. with no prior historical observations, forming a baseline. However, there is a faint galaxy-like object present in the SDSS images (Ahn et al. 2012) at the location of PSN 000123+000504. Its brightness in the SDSS DR9 is (u, g, r, i, z) = (24.50 ± 0.91, 23.12 ± 0.21, 22.06 ± 0.14, 21.88±0.16, 22.43±0.73) mag in the AB magnitude system.
We obtained a 30 min KECK/LRIS spectra of the host galaxy on MJD=56215. 353347 and 56215.353455 (15 October 2012) . While the spectrum has a rather low overall signal-to-noise (S/N) ratio, we were able to identify After converting the host magnitudes to luminosity, we fit the galaxy/AGN models of Assef et al. (2010) to the five photometric data points. The only well-fitting spectrum is that of an irregular galaxy. This supports our claim that the host galaxy is a dwarf, irregular, metalpoor galaxy. The absolute brightness of the galaxy in B was obtained as M B = −18.2 ± 0.2 mag and the galaxy was placed on the absolute magnitude-metallicity plane, as shown in Figure 5 .
DISCUSSION
In this paper, we presented the discovery of an overlooked supernova in the SDSS Stripe 82 archival data, which we classified as an SLSN one based on its peak optical magnitude brighter than −21. The SN was found in a search for long transient events with a significant blue excess at peak in a variability database for SDSS Stripe 82. While we do not have the spectrum for the SN during explosion, we present the evidence for the SN host galaxy redshift of z = 0.281 using the KECK/LRIS spectrum. We also constructed the five-point SED from the photometric data and investigated its evolution as a function of time. We fitted the BB spectrum at each epoch and obtained a best-fitting BB temperature, greater than 15000K, in early time SEDs. The temperature evolution with a decline in late epochs to ∼5000K also constitutes a strong piece of evidence in favor of classifying this object as a SLSN (Miller et al. 2009; Modjaz et al. 2009 ).
In Figure 6 , we present the r-band light curves of our SN. For comparison we also show the light curve of a likely Type II-n SN from the OGLE database (Elias-Rosa et al. 2013; Wyrzykowski et al. 2012 ; see also Koz lowski et al. 2013 for OGLE SNe overview), which is a few magnitudes fainter, but presents a similar shape of the light curve. Overall, the shape of the light curve of PSN 000123+000504 resembles very much that of objects found previously and classified as SLSNe. The rise of the light curve is very slow -it lasts about 30 days in the restframe from the faintest detected data point to the maximum. Then, the decline is also very slow, in a rough agreement with a radioactive decay of Co-56, at least in its early post-peak phase. Such behavior was in the past associated with supernovae of SLSN-R type (Gal-Yam 2012) , however, the suggested pairinstability origin of those SLSNe was recently questioned by Inserra et al. (2013) .They suggest that SNe similar to SN2007bi are just a subtype of SLSN-I and are well described by a magnetar scenario.
There is a growing evidence for a correlation of the most energetic explosions preferring to occur in the lowmetallicity (< 50% that of Milky Way) dwarf (L/L ⋆ < 0.1) galaxies (Stanek et al. 2006; Koz lowski et al. 2010; Stoll et al. 2011; Gal-Yam 2012) . While we find the former to be true for SLSN (Fig. 5) , we are unable to confirm the latter part of the statement. In Fig. 5 , we see that luminous SNe occupy all types of host galaxies with −16 < M B < −21.5 mag (galaxies with 1 to 200 per cent MW luminosity). Hence, there is no clear evidence for SLSNe to prefer dwarf galaxies, but this claim is based on a statistically small sample of 10 hosts.
We examined the properties of the faint host galaxy. With an oxygen abundance (12 + log[O/H]) ≈ 8.30, the host galaxy of PSN 000123+000504 has 30% of the Milky Way's metallicity and the absolute magnitude comparable to that of the Large Magellanic Cloud (LMC). The place of the SN host galaxy on the absolute magnitudemetallicity plane (Fig. 5) is among other hosts with detected SLSNe. The presence of SLSN usually indicates that the host is undergoing an episode of active star formation. The extreme luminosity of SLSNe is the key for their discovery over a range of redshifts, what helps the investigation of star formation in galaxies at high redshifts. Furthermore, the plausible high masses of their progenitors (in excess of 150 M ⊙ ) present an opportunity to model the initial mass function in e.g., low-mass galaxies. The low host masses of observed SLSNe would indicate that these objects were produced at the early stages of galactic evolution, which creates a modeling problem to obtain progenitors in such galaxies with consistent metallicity (see Young et al. 2010 for a comparison).
Based on our single detection we can roughly estimate the SLSNe rate from the SDSS data. The Stripe 82 survey covers about 270 square degrees which corresponds to a volume of ∼0.28 Gpc 3 within redshift z < 0.4, a distance to which we are able to detect our SLSN. The brightest part of the SN light curve in range −20 to −21.5 mag can be seen during about 100 days (in g-band with a detection limit of 21.5 mag). During the 8 year survey only one SLSN has been detected. Hence, we find that the SLSNe rate is of order of −9 < log(SLSN Mpc −3 yr −1 ) < −8 (with the assumption of 10 per cent efficiency in SN detection for Stripe 82 data, which is low mostly due to non-uniform SDSS cadence). This result is consistent with the rates presented previously by Gal-Yam (2012) .
SUMMARY
We presented a new example of the SLSNe class, which was found in the archival data of the SDSS Stripe 82. The redshift of the host, z = 0.281, determined with the Keck/LRIS spectrum, indicates that the brightness of this SN in the maximum exceeded −21 mag. The light curve resemblance to SN2007bi and other similar SLSNe discovered so far indicates the PSN 000123+000504 may belong to the SLSN-R class (Gal-Yam et al. 2009; Young et al. 2010) or to magnetars (Inserra et al. 2013 ).This study also shows the potential of archival multi-color time-series databases in successful detection of interesting and rare cases of transients. Note. -HJD ′ = HJD − 2450000, the magnitudes were corrected for the Milky Way's extinction and put on the AB magnitude system. 22852 -19.454 0.205 -20.529 0.032 -20.934 0.025 -20.734 0.034 -20.903 0.136 3705.21473 -18.714 0.333 -20.381 0.030 -20.780 0.030 -20.718 0.034 -20.763 0.127 Note. -HJD ′ = HJD − 2450000, the magnitudes were corrected for the Milky Way's extinction and put on the AB magnitude system, while using the distance modulus µ = 40.77 mag. 
